Introduction
The cultivated area in Egypt is limited, so the agriculture intensification becomes urgent necessity to optimize the utilizing of unite area. Intercropping is considered to be one of the most important tools of agriculture intensification, it is a way to achieve intensive utilization for both edaphic and climatic factors. Also, mixing crops leads to reduce the risk of failure (Sayed et al., 1983 and Abdel-Wahab & Abd El-Rahman, 2016) It is possibly to plant one of the legume crops intercropped with sugar cane, this leads to an increase in the total production, also it benefits the soils. Thus the basic question asked here is: what is the best systems of intercropping must be allowed to increase the total production (Rana et al., 2006) T WO experiments were conducted at Mallawy Agric. Res. Station, Minia Governorate, Egypt during 2014/2015 and 2015/2016 seasons to study the effect of intercropping soybean with sugar cane under different levels of N fertilizer. A split plot design with four replicates was used for both experiments. Main plots were devoted for N levels i.e.195, 210 and 225kg fad -1 of nitrogen. The intercropping patterns of soybean as 100 % sugarcane+30% soybean in one row, 100% sugarcane + 30% soybean in two rows, 100% sugarcane + 40 % soybean in one row, 100 % sugarcane + 40 % soybean in two rows, pure stand of sugar cane and soybean were distributed in sub-plots.
Nitrogen levels had significant effect on most studied characters of soybean. Increasing N levels up to 225kg fad -1 increased all studied traits of yield and yield components of soybean. The highest values of yield and yield components were produced from pure stand compared to intercropping patterns. On the other hand, intercropping pattern of 100% sugar cane+40% soybean in one row gave the highest seed yield. Increasing N level up to 225 kg fad -1 caused significant differences on yield and its components of sugar cane as well as quality parameters and sugar yield fad -1 .The highest sugar yield fad -1 was gained from 225kgf ad -1 of nitrogen.
Intercropping patterns of soybean on sugar cane had a significant effect on studied characters of sugar cane. 100% sugar cane+40% soybean in one row (2 plants hill -1 ) gave the highest values. In general, pure stand of sugar cane gave the highest values of juice quality and sugar yield fad -1 .The value of Land Equivalent Ratio (LER) is greater than one, which indicates the increasing land productivity per unit area. The highest value of LER (1.56) was obtained by intercropping 40 % soybean in one row (2 plants hill -1 ) on 100% sugar cane with 225kg fad -1 . Aggressivity (Agg) values of sugar cane were positive dominant, while those of soybean were negative dominated intercropping 40 % soybean on 100% sugar cane with 225 kg N fad -1 . The actual yield loss (AYL) values for sugar cane and soybean were positive at all patterns intercropping. The highest values of total income and profit obtained from 100 % sugar cane + 40 % soybean in one row (2 plants hill -1 ) with 225kg fad
Sugar cane (Saccharum officinarum L.) is a long duration and widely spaced crop in comparison with other field crops, it offers a great scope for using its interspaces by growing short duration crops. In general, sugar cane has a juvenile period of 100-120 days, so that the intercrops of soybean and sugar cane are widely practiced. Sugar cane is generally planted in 80-100cm. ridges, and soybean could be intercropped on ridges of sugar cane at the same time (Abdul Rehman et al., 2014) . Assey et al. (1992) .Otherwise, the N applications significantly increased the above-mentioned traits.
The intercropping of soybean with sugar cane exhibited that brix % and sucrose % in pure stand exhibited a positive and significant advantage over the various intercropping patterns, while juice purity was not affected.Yield of sugar cane and soybean attained a significant increase in pure stand over the intercropping soybean raised (L.E.R.), while, the intercropping two rows soybean decreased sugar cane yield significantly (El-Gergawy et al., 1995) . Abou-Kresha et al. (1997) reported that significant differences between intercropping systems of cane with soybean.Yields of cane and soybean were significantly reduced under intercropping compared with pure stand. Brix %, sucrose % and sugar yield of the intercropped plants were significantly lower than that assessed of pure stand. The sugar cane crop depletes a considerable amount of nutrient from soil, but soybean in intercropping pattern increases productivity per unite area of land and enables the crops more effectively utilize nutrients and improve soil fertility and field ecological conditions (Tang et al., 2005) . Intercropping soybean with sugar cane recorded higher the number of cane (87830ha -1 ) than cane alone (85910ha -1 ) as a result of the seed yield of soybean (1.5 tha -1 ) and lower cost of production in soybean intercropping (Khandgave, 2010) . The cultivation model of sugar cane intercropping with soybean offers opportunity for profitable utilization of available land, water, light and other natural resources, and it's played an important role in development of sugar cane crop in terms of economic benefit per unit area (Che Jiang-Lul et al., 2011) . The population economic benefit under sugar cane / soybean intercropping was 3.2%-26.3% higher at lower than at higher nitrogen application level (Li et al., 2011) . Significant yield reduction in sugar cane was noted due to intercropping comparing to the growing sugar cane as a mono crop which made more economic sense than intercropping under different levels of nitrogen (Ramouthar et al., 2013) . Xiuping et al. (2013) showed that yield of sugar cane under sugar cane/soybean intercropping was increased by 30.57% and decreased by 16.12% for 100-grain weight for soybean. Abdul Rehman et al. (2014) found cane diameter, stripped cane yield and cane growth rate was significantly higher in sole sugar cane when compared with different intercrop. Moreover, the intercrops gave higher land equivalent ratio (LER) and net return over sole sugar cane planted, while sole sugar cane gave the maximum benefit cost ratio compared with other intercrop. Yang et al. (2015) showed that the stalk diameter, cane yield and sugar production were significantly affected by sugar cane-soybean intercropping, while the cane quality was not change obviously compared with mono culture of sugar cane. Also, Khippal et al. (2016) observed that the intercropping trials have proved conclusively that crops like pea, chickpea and lentil can be successfully intercropping with autumn planted sugar cane for higher returns to the farmers with better cane quality and improving soil health for sustainable crop production.
The aim of the current investigation was to study the effect of various intercropping patterns of soybean on productivity and quality of sugar cane under different levels of nitrogen. Added sole or pure stand of sugar cane and soybean (140000 plants fad -1 of soybean). Figure  1 illustrates the intercropping soybean with sugar cane and sole culture of both crops. The timetable of sowing and cutting or harvesting dates for both crops are presenting in Table 1 . The physical and chemical analysis of the experimental site (according to Klute 1986) 
Materials and Methods

Two
Sugar cane
At cuttingdate after 12 month from sowing, 20 guarded stalks of sugar cane were taken from each sub-plots to determine the stalk height (cm.)(it was measured from soil surface to the top dewlap), stalk diameter (cm), No. of internodes stalk -1 , stalk weight (kg), cane yield (ton fad -1 ), total soluble solids (TSS %), which was determined using "Brix hydrometer" as shown by A.O.A.C. (2005) , sucrose % which was estimated according to A.O.A.C. (2005) , juice puritywas determined according to Satisha et al. (1996) using the following equation: purity % =sucrose % X 100/TSS %, pol % of cane juice, was calculated by using the following equation : pol % = [ Brix % -(Brix % -sucrose %) 0.4] 0.73, reducing sugar of cane juice according to A.O.A.C. (2005) , sugar recovery % was calculated by using the following equation according to the procedures used by the sugar and Integrated Industry Company as sugar recovery % = [pol % -0.8/ purity % x purity % -40/100-60)100, and sugar yield (ton fad -1 ) according to the following equation: sugar yield (ton fad -1 )= cane yield fad -1 ×sugar recovery % according to Mathur (1981) . where: zab=the sown proportion of intercrop a (sugar cane) in combination with b (soybean) and zba=the sown proportion of intercrop b (soybean) in combination with (sugar cane).
Actual yield loss (AYL):
It was calculated according to Banik (1996) by the following formula: AYL= AYLa + AYLb
Competitive relationship and yield advantage
The following parameters were caculated:
Land Equivalent Ratio (LER): was calculated according to Willey (1979) by the following formula:
where: yaa=pure stand yield of a (sugar cane) ybb=pure stand yield of b(soybean). yab=yield of intercrop a (sugar cane) with b (soybean). yba=yield of intercrop b (soybean with a sugar cane).
where: AYLa and AYLb represent the partial yield loss of a (sugar cane) and b (soybean) intercrops, respectively.
yab=yield of intercrop a (sugar cane) with b (soybean), yba=yield of intercrop b soybean with a (sugar cane).
Area Time Equivalent Ratio (ATER):
it provides more realistic comparison of the yield of intercropping over mono-cropping in terms of time taken by component crops in the intercropping systems according to Hiebsch (1978) . ATER was calculated by formula:
where, LER is land equivalent ratio of crop, Dc is duration (days) taken by crop. Dt is days taken by whole intercropping system from planting to harvest.
Farmer's benefit: It was calculated by determining the total costs and net return of intercropping culture as compared to recommended solid planting of sugar as follows:
1-Total return :
-Total return of intercropping cultures = Price sugar cane × yield + Price soybean × yield (L.E). -Total return of sugar cane= Price sugar cane ×yield (L.E). -Total return of soybean= Price soybean × yield (L.E).
To calculate the total return, the average of sugar cane 360 L.E ton fad -1 , soybean 4210 L.E ton -1 prices presented by Agriculture Statistics (2014, 2015 and 2016) seasons were used.
-Net return per fad = Total return -(fixed costs of sugar cane + variable costs of soybean according to intercropping pattern).
2-Monetary advantage index (MAI):
Suggests that the economic assessment should assessed on the basis of the rentable value of this land. MAI was calculated according to the formula suggested by Willey (1979) .
Statistical analysis
The proper statistical analysis of data was done according to Gomez & Gomez (1984) . The differences between means of the studied treatments were compared using least significant difference (LSD) at 5% level.
Result and Discussion
Soybean
Data in Table 3 , which showed that increase nitrogen level resulted better growth of soybean plants. Table 4 showed that yield and yield components of soybean were significantly affected by its companion with sugar cane, the effect was significant on all studied traits in both seasons and combined analysis, except pod length in both seasons and combined and No. of seeds pod -1 in the second season. The highest values of yield and yield components were produced from pure stand for most studied characters. The heaviest seed yield fad -1 attained from pure stand (1227, 1166 and 1197 kg fad -1 ) in first, second seasons and combined analysis, respectively compared with either one of intercropping patterns.
On the other hand intercropping pattern of 100% sugar canes + 40% soybean, one row gave the highest seed yield compared to the other intercropping patterns. The interpretation for reduction in yield and its components of soybean as compared with grown in pure stand is mainly attributed to the effect of shading sugar cane and its competition for growing needs, which in turn had determined effect of plants in intercropped crop. These results are in good agreement with El-Gergawy et al. (1995) , AbouKresha et al. (1997) and Luo et al. (2016) .
The interaction effect was significant on plant height, No. of branches, and 100-seed weight in the second season and over the two seasons (combined), as well as seed yield plant -1 and seed yield fad -1 in both seasons and combined analysis and No. of pods plant -1 in the second season (Table 5) .
Generally it is clear that increasing nitrogen level up to 225kg fad -1 with intercropping pattern of 100% sugar cane+40% soybean in one row or two rows gave the highest values of seed weight plant -1 and per fad.
Sugar cane
Data in Table 6 indicated that increasing N-level up to 225kgN fad -1 caused significant differences on stalk high , stalk diameter and cane yield fad -1 in both seasons and over the two seasons (combined), as well as the effect was insignificant on stalk weight over the two seasons(combined). On the other hand the effect was insignificant on No. of internodes stalk -1 in both seasons and combined analysis, as well as, stalk weight in both seasons. Concerning the effect of N fertilizer levels on sugar yield of sugar cane (Table 6) , it is clear that no significant effect on second season, as well as significant effect on first season and over the two seasons (combined). The data in Table  6 showed clearly the significant responses of sugar yield (ton fad -1 ) to the different nitrogen levels added and that more higher sugar yield was gained associated with higher nitrogen levels up to 225kg fad -1 . These results ensure the vital importance of nitrogen fertilization with sufficient level to obtain economical high sugar yield. The results in Table 7 showed that intercropping patterns of soybean on sugar cane had a significant effect on stalk height, stalk weight and can yield fad -1 in both seasons and over the two seasons and stalk diameter in the 2 nd season. Otherwise, insignificant effect was recorded on No. of internodes stalk -1 in both seasons and over the two seasons and sugar yield in the 1 st season.
It could be observed that intercropping pattern of 100% sugar cane+40% soybean in one row gave the highest values of stalk high and cane yield fad -1 .
It is worth mentioning that the increase in stalk height compared with pure stand of sugar cane may be due to the competition between soybean and sugar cane plants and fixed nitrogen by soybean in the case of intercropping which in turn increased stalk height (Teshome et al., 2015 The highest values of stalk weight and cane yield were obtained when applying intercropping pattern of 100% sugar cane + 40% soybean in one row, than those of intercropping pattern of 100% sugar cane +30% soybean.
In general, resulting the great cane yield fad -1 from intercropping pattern of 100 % sugar cane with 40 % soybean compared with pure stand of soybean. This result may be due to soybean in intercropping increase productivity per unit area of land and enables the crop more effectively utilize nutrients and improve soil fertility and field ecological conditions. Similar results recorded by Tang et al. (2005) and Khandgave (2010) .
The interaction between N levels and intercropping patterns (Table 8 ) was significant with respect to stalk weight and cane yield fad -1 in the second season and over the two seasons (combined). The highest value of stalk weight obtained from 100 % sugar cane + 40% soybean in two rows with 225kgN fad -1 .Also, the greatest cane yield fad -1 produced from 100% sugar cane + 40 soybean, one row with 225kgN fad -1 in the second season and over the two seasons(combined). These finding may be attributed to the role of nitrogen fertilizer in sugar cane growth and intercropping with 40% soybean improved the soil inorganic nitrogen compared with sole plantation of sugar cane. Xiuping et al. (2013) obtained similar results.
Concerning the effect of nitrogen fertilizer levels on quality parameters (Table 9) , it is clear that no significant effect on all quality parameters in both seasons except purity % in second season and TSS % and purity %in over the two seasons (combined analysis) which has significant effect. Tables 7 and10 showed Belong to actual yield loss (AYL) values for sugar cane and soybean were positive at all intercropping patterns.The highest value (1.02) of total AYL was obtained from intercropping 40 % soybean in one row with 225kgN fad -1 ., while the lowest one (0.46) was recorded from intercropping 30 % soybean in two rows. These results means that the intercropping soybean on sugar cane increased values of yield, yield components and quality parameters in intercropping patterns than sowing the same crop in pure stand.The results of Tahir et al. (2003) , Khan & Khaliq (2004) , Dhima et al.(2007) , Teshome et al. (2015) , Khippal (2016) and Luo et al. (2016) supported the current finding.
Data in
that differences between intercropping patterns were not enough to attain significant effect on juice quality, while the effect was significant on sugar yield fad -1 in the second season and over the two seasons (combined).
In general, pure stand of sugar cane gave the highest values of sugar yield fad -1 and juice quality parameters. This finding indicate that under the high canopy conditions (intercropping), sugar cane plants failed to attain the highest profit from the available ecosystem such as light, nutrients, water, etc.. compared with plants grown in pure stand, which partially profited from the environments. These results are in agreement with EL-Gergawy et al. (1995) and Teshome et al. (2015) .
Competitive relationships and yield advantage
Results of competitive relationships and yield advantage for intercropping soybean with sugar cane under nitrogen levels and four patterns combined are presented in Table 11 . Data showed that intercropping soybean with sugar cane resulted in an advantage in land equivalent ratio (LER).
The value of LER is greater than one, which indicatedthat increasing the land productivity per unit area. The highest value of LER (1.56) obtained by intercropping 100% sugar cane + 40 % soybean in one row with 225 kgN fad 
Economic analysis
It is clear from the results in Table 12 that the intercropping patterns of soybean on sugar cane led to increase total income and its total return or profit L.E fad -1 and Monetary advantage index (MAI). Data showed that the highest values of total income and total return (21108 and 10746 L.E fad -1 ), respectively obtained from 100% sugar cane+40% soybean in one row with 225kgN fad ). (Nazir et al., 2002 and Khippal,2016) supported our results.
Finally, it could be intercropping 100% sugar cane with 40% soybean, one row (2 plant hill 
